Abstract
2010; Collado and Sanz 2006; Margolles et al. 2003) . However, as it has been previously 57 shown in bile and acid adapted strains this may influence the strain properties significantly 58 (Collado et al. 2006; Gueimonde et al. 2005; 2007) . The aim of this study was to produce 59 process stable probiotic strains, specifically heat resistant strains, and to study the effect of 60 heat resistance acquisition and freeze-drying on the adhesion of the strains to human colonic 61 mucus, as well as their ability to inhibit, compete with and displace the adhesion of five 62 common model pathogens.
63
For this purpose we obtained heat-tolerant derivatives from common probiotic strains and 64 evaluated their adhesion properties and their ability to exclude, displace or outcompete 65 pathogens in a mucus model. To this end both fresh and freeze-dried bacteria were tested. We 66 hypothesised that the strain properties stay similar to those of the original isolates when 67 gradually adapted to heat. Statistical analysis was performed using the SPSS 11.0 software (SPSS Inc, Chicago, IL,
164
USA). Data were subjected to one-way analysis of variance (ANOVA) and the Student- 
Adhesion of probiotics to human colonic mucus

181
The adhesion of each strain was tested, and the effect of the heat-shock procedure as well as 182 freeze drying on this was observed (Fig. 2 ).
183
The fresh cultures of heat treated probiotic strains did not show any changes in their adhesion 184 abilities to human colonic mucus, except for strain Bb12 that significantly increased its
185
adhesiveness from approximately 6 % to approximately 10 % (Fig. 2B ).
186
Freeze-drying, however, caused a significant decrease of the adhesion capabilities for all 187 strains tested except SHI (Fig. 2) .
188
When the heat treated variant of LGG was freeze-dried (LGG HS FD), a further significant 189 decrease was observed in its adhesiveness ( Fig. 2A ). Heat treated, freeze-dried strains Bb12 
193
No protective mechanism was noted by heat treating the bacteria prior to freeze drying (Fig. 194 2). This may be due to the pre-culturing of the strains for this experiment where all should rather constantly be exposed to the heat stress prior to performing this assay.
198
Adhesion of the pathogens was also studied and the tested strains showed low adhesion 199 potential. S. typhimurium showed the lowest adhesion of 0.25 %, followed by E. sakazakii at 200 0.4 %. E. coli and S. mutans showed an adhesion of 0.8 % and C. difficile displayed the most 201 marked adhesion to colonic mucus at 1 %. lactis Bb-12 when strains were exposed to sublethal heat. However, for two other strains, B.
273
animalis IF20/1 and L. casei Shirota, heat adaptation did not lead to significantly increased 274 heat-tolerance.
275
The impact of the freeze-drying process on probiotic adhesion properties was studied and De Giulio, B., Orlando, P., Barba, G., Coppola, R., De Rosa, M., Sada, A., De Prisco, P. P., LGG 22,0 ± 6,4 -0,54 ± 1,9 -95,9 ± 10,0 -17,9 ± 2,7 -3,3 ± 1,5 36,3 ± 2,4 58,3 ± 9,4 58,4 ± 1,4 63,8 ± 1,5 a 62,6 ± 1,0 -6,5 ± 1,5 16,3 ± 4,3 -14,0 ± 1,4 a -19,9 ± 1,4 a -7,2 ± 3,4
LGG HS 10,7 ± 6,1 -38,3 ± 5,3 -53,2 ± 5,6 -53,2 ± 5,6 -29,7 ± 3,7 49,0 ± 1,3 57,6 ± 1,1 40,6 ± 2,9 59,0 ± 1,6 a 62,1 ± 1,1 14,4 ± 1,5 16,4 ± 0.8 6,1 ± 3,9 a -5,0 ± 1,5 a 13,6 ± 2,4
LGG FD -18,6±10,3 33,0 ± 6,3 -23,1 ± 9,5 -23,1 ± 9,5 28,0 ± 3,0 18,4 ± 1,1 26,2 ± 1,0 21,4 ± 1,0 11,6 ± 5, 
